Introduction. Employees performing work underground in coal mines are exposed to the effect of many hazardous factors in their work environment which negatively affect their health. Objective. The objective of the study was to recognize the opinions of employes working underground in one of the coal mines concerning the occurrence of factors hazardous for health in their work environment. Materials and method. The study was conducted in a group of 700 persons working underground in the 'Bogdanka' coal mine in Łęczna (Eastern Poland). The study was carried out using a questionnaire. The results were statistically analyzed using software STATISTICA v. 7.1. Results. The vast majority of respondents (approximately 80%) reported that noise and dustiness at their workplace create risk for their health. More than a half of them mentioned that the microclimate in the mine threatens their health (high humidity and high temperature), and a half of respondents indicated vibration and poor lighting. The greatest differences of opinions concerning the effect of hazardous factors on health of persons employed in the mine were observed in the sub-groups distinguished according to the work position. Health risk at a workplace was most often identified by those employed as miners. Conclusions. Among actions reducing the negative effect of the work environment on health is the introduction of new, safer technologies of coal mining. Also, the human factor is very important for work safety in mining, including the proper preparation of employees who undertake work in a mine. It is recommended that new, more effective educational programmes are implemented in the area of Occupational Safety and Health (OSH) at workplaces.
INTRODUCTION
In many developing countries, the mining industry is an important and rapidly developing sector of the economy. According to the International Labour Organization (ILO), this sector is one of the most dangerous worldwide [1, 2] , and is also considered as dangerous and risky by the workers employed in mines [1, 3] . The phenomenon of accident rates at work in mining is the highest, compared to other sectors of economy, and especially high in traditional and small mines [4, 5] . The majority of workplaces in mining are related with physical work and exposure of workers to various health hazards on the part of such factors as: extreme temperatures, humidity, noise, vibration, and also prolonged working hours and shift work [4, 6, 7] . Noise at workplaces in mines is considered as the main risk factor causing hearing loss in employees [8] . Another factor unfavourable for the health of miners is coal dust. Its common occurrence in a coal mine is the cause of lung diseases, including pneumoconiosis, an incurable occupational disease of workers employed underground [9, 10, 11] . In coal mines there are also specific microclimatic conditions -high temperature and humidity. In these conditions it is difficult to achieve thermal comfort which is expressed by satisfaction with the thermal environment [12, 13, 14] . Environmental conditions required for the comfort of employees may differ between individuals, because people differ both physiologically and psychologically.
High traumatism at work in the mining industry results mainly from the lack of balance between unfavourable work conditions and the capability of a worker to cope with them. Unfavourable work conditions cover a wide range of elements related primarily with exposure to biochemical and physical factors. In addition, psychological predispositions and worker's competences to undertake specified tasks are very important in the assessment of safety at a workplace. This concerns, among other things, the skills of assuming an appropriate body position, materials and tools, proper work organization, as well as skills of coping with pressure on the part of management associated with striving for the achievement of the expected effects of production [15] [16] [17] [18] [19] [20] [21] [22] [23] .
In the United States, the National Occupational Mortality Surveillance System was implemented in order to estimate the most frequent causes of death among MNM (metal and non-metal) miners. The analyses performed within the System demonstrated that the five most frequent causes of death are: heart diseases, cancer, chronic lower respiratory disease, cerebrovascular disease and unintentional body injuries [24, 25] .
In turn, among the total number of diseases and injuries among MNM miners reported during the period 2007-2011 to the Mine Safety and Health Administration, the most frequent were: unclassified diseases (266); dust in the eyes (185); arthritis (182), hearing loss (142); poisonings (91); and exposure to heat/heat illnesses (63) [25, 26] .
In the 'Bogdanka' coal mine, according to the Management Report on the activity of the Lublin Coal Mine Bogdanka S.A. for the period from 1 January 2009 -31 December 2009, in the item concerning work conditions we may read that due to the character of the economic activity of the Company, the workers employed in the mine, especially underground, are exposed to a number of hazards, including mainly natural and technical hazards. Work in mining conditions is also related with exposure to hazardous and arduous factors of the work environment occurring at workplaces. Hazardous factors at a workplace include: dustiness, noise and mechanical vibration. The main arduous factors occurring in the coal mine, and precisely during operation of the mine underground are: microclimate (temperature, humidity, pressure, intensity of cooling), lighting, and an excessive physical effort [27] .
Considering the specificity of work in coal mines, related with the occurrence of many hazards to the health of persons who work there and high accident and injury rates at these workplaces, an interesting problem is the evaluation of the level of awareness of risk for life and health among workers. The objective of the study is the recognition of opinions of employees working underground in the 'Bogdanka' coal mine concerning the occurrence of factors hazardous for health at their work environment.
MATERIALS AND METHOD
The basis for achieving the adopted aim of the study was an investigation carried out in the Coal Mine 'Bogdanka' in Łęczna, located in Eastern Poland. Employees who performed shift work, irrespective of their work position, participated in the survey. Anonymous questionnaires were completed by 700 workers who, during the period from January-April 2006, participated in obligatory courses conducted at their place of work. The questionnaire used in the study was constructed by the author. The proper study was preceded by a pilot study in a group of 50 respondents in order to test the correctness of the research instrument. The pilot study enabled development of the final version of the questionnaire. The main part of the questionnaire consisted of items concerning the respondents' opinions pertaining to the occurrence of hazardous factors at their workplaces, such as: dust, vibration, humidity of the air, high temperature, poor lighting, physical load, emotional load, forced body position, and presence of chemical substances. In addition, the questionnaire contained items concerning the respondents' demographic characteristics (age, education, period of employment), and characteristics of the work position held. In analyses, the data concerning the respondents' characteristics functioned as independent variables. The results obtained were analyzed statistically. The significance of the differences between two variables was investigated using the chi-square test for independence. For small numbers, the Yate's correction was applied. 5% inference error was adopted. The p values p < 0.05 were considered statistically significant. Statistical analysis was performed using the software STATISTICA v. 7.1 (StatSoft, Polska).
RESULTS
The study included 700 males, working underground in shifts in the 'Bogdanka' coal mine. The respondents' age variedthe largest number of them -a half (49.7%), were aged 41-50, nearly one-third were aged from 31-40 (29.6%), the smallest group were the youngest respondents aged 21-30 (16% of the total number of workers in the study), while those who were the oldest (51 and over) -4.7%. The majority of respondents had a low level of education -elementary vocational or primary (57.0%). Nearly one-third of the examined workers completed secondary school (29.9 %), and the remainder (13.1%) graduated from university at the licentiate or Master levels.
The majority of respondents were employed at the work position of a miner (74.0%). The smallest group were employees at work positions of mining supervision (6.1%), whereas the remainder (19.9%) declared working underground, but at other workplaces than a miner, e.g. electricians. Unfortunately, due to the diversity of these occupations and small numbers in individual groups, all workers performing work underground without direct relation with mining were qualified into one category -'others'.
Within the conducted study, the employees of the 'Bogdanka' mine were asked to indicate the elements of the environment which exert a negative effect on their state of health. They were presented with 10 factors for evaluation of the work environment occurring in the mine underground which may unfavourably affect health. The replies obtained showed that in the opinions of the employees of the 'Bogdanka' coal mine, noise and dustiness created the greatest risk for health. The majority of respondents (approximately 80% of the total number) reported these factors (Fig. 1 ). More than a half of respondents perceived that the microclimate in the mine threatens their health, i.e. high humidity (56.7%), and high temperature (56.9%). A half of respondents mentioned the following factors as being hazardous for health: vibration (50.7%), poor lighting (49.9%), and high physical load (45.3%). A considerably lower percentage of respondents indicated forced body position at work as a health risk factor (31.3%), also emotional load (27.6%), and chemical substances present at the workplace (Fig.1) .
In further analysis, the hypothesis was adopted that opinions concerning health risk related with work in the coal mine are significantly related with the age of the examined employees, their education and position occupied. A basis for such assumptions is the belief that more experienced
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persons possessing higher education level more accurately identify health hazards. However, it seems that the position held is of essential importance in the way of perceiving health hazards at the workplace. This results from the specificity of an individual workplace, including the character of the work performed, tools used for its performance, environmental conditions in which the work is performed, and work organization. Analysis of data showed that the age of the employees of 'Bogdanka' mine is related with only some of the opinions concerning the factors of work environment exerting an effect on health. In individual age categories, statistically significant differences were observed with respect to five (per 10) factors creating health risk: dust, noise, vibration, humidity, and poor lighting (Tab. 1). All these factors were indicated by a significantly higher percentage of employees aged from 31-40 than in the remaining age categories. The hazardous effect of dustiness at the workplace was reported by 90% of the employees in the coal mine aged 31-40. This hazard was mentioned by a slightly lower percentage of the youngest respondents (82.1%) and a considerably lower percentage of those aged over 40 (approximately 75%). Statistically significant differences were observed on the level of p<0.01. A similar scale of differences was found with respect to the occurrence of noise, vibration, and poor lighting at the workplace. These factors were also most frequently indicated by employees aged 31-40. These three factors (noise, vibration, and poor lighting) were reported by a slightly lower percentage of respondents from two age categories -21-30 and 41-50. It is an interesting result that in both age categories the percentages of indications of these two types of hazards were similar (Tab. 1). The lowest awareness of the occurrence of these factors was observed among respondents in the oldest age group (over 50). Employees at this age twice as rarely as those aged 31-40 mentioned vibration as a factor hazardous for health (58.9% and 30.35%, respectively). Similar proportions occurred in both groups in the case of opinions that poor lighting is a health risk factor (60.4% and 36.4%, respectively). Statistically significant differences were also noted with respect to opinions that humidity of the air exerts a negative effect on the health of employees working in the coal mine. This was admitted by two-thirds of respondents aged 31-40 (65.7%), and a considerably lower percentages in the older age categories (53.7% of employees aged 41-50 and 54.5% of those aged 51 or older). In the youngest age category, humidity of the air as a health risk factor was indicated by the lowest percentage of respondents (50.0%).
The majority of opinions of the examined miners concerning the factors exerting a negative effect on their health while performing work did not significantly differ in the subgroups of different levels of education. Hazards such as dust, high humidity of the air, high temperature, poor lighting, and exposure to chemical agents, was reported by a similar percentages of respondents with university, secondary school, elementary vocational and primary education (Tab. 2). Statistically significant differences were observed only with respect to the opinion that health risk is related with a high physical load at work, emotional load, vibration and noise. The greatest differences were found between evaluations of risk related with loading with physical work (p<0.001). Percentages do not sum-up to 100%, because a respondent could select more than one hazard. N -numbers of respondents indicating a specified type of hazard; n -numbers of subgroup (total) *p<0.05; **p<0.01; lack of asterisk -p≥0.05 Percentages do not sum-up to 100%. because a respondent could select more than one hazard. N -numbers of respondents indicating a specified type of hazard; n -numbers in subgroup (total) *p<0.05; **p<0.01; lack of asterisk -p≥0.05
Nearly a half of respondents with secondary school education (48.8%), and elementary vocational and primary education (48.1%) admitted that a high physical load at work is the factor negatively affecting their health, whereas a twice as low percentage of respondents with university education mentioned this type of risk (25.0%). Opposite proportions of replies were found in the case of opinions that emotional load exerts a negative effect on employees performing work underground. This type of risk was significantly more often (p<0.01) reported by respondents with university education (43.5%) than those with a lower education level (secondary school -24.4%, elementary vocational and primary education -25.6%). Based on the observed relationships, it may be presumed that the way of evaluation of health hazards at workplaces underground was more related with the position held than the education level. Employees with university education usually held management positions and tended not to be engaged in hard physical work; thus, perceive risk on the part of physical load to a lower degree. Simultaneously, responsibility due to the function performed is undoubtedly related with a higher emotional load. Due to the character of the work of employees with a lower education level, their perception of health hazards differs from that of the management staff.
A relatively low percentage of respondents with university education perceived health risk on the part of vibration at the workplace (30.4%). This risk was indicated by a considerably higher percentage of workers with the lowest level of education (51.9%), and the highest percentage of employees with secondary school education (statistically significant differences p<0.01). A similar direction of relationships was found with respect to opinions concerning a negative effect of noise on the health of miners working underground. This risk was reported by 85.6% of respondents with secondary school education, slightly less among those with a low education level (78.9%), while the smallest percentage was among those with university education (73.9%; p<0.05).
A previously posed hypothesis was confirmed, that the greatest differences in opinions concerning the factors threatening health at workplaces are found in the subgroups of respondents holding various work positions. Only with respect to the three evaluated factors (noise, poor lighting, and forced body position at work) the opinions of respondents holding different work positions were similar (lack of statistically significant differences). The opinions pertaining to the effect on health of the remaining factors (7 per 10 of those evaluated) significantly differed according to the position held (Tab. 3). The data presented in Table 3 demonstrate that employees working at the position of a miner, significantly more often than the remainder, perceived health risk on the part of such factors as: vibration, high temperature, high physical load, and chemical substances. The greatest differences in the way of perceiving these hazards were observed while comparing the opinions of miners and workers employed at positions of mining supervision. Vibration was the factor exerting a negative effect on health was mentioned by 54.6% of miners, a slightly lower percentage of respondents employed at other workplaces (46.0%), and a three times lower percentage of employees of mining supervision (p<0.01). Even greater disproportions were observed with respect to risk related with chemical substances. This factor was reported by 22.0% of miners, and a more than five times lower percentage of employees of mining supervision (4.6%). In turn, employees of mining supervision more frequently than the remainder admitted that high humidity of the air (65.1%) and emotional load (67.4%) negatively affect their health. High humidity of the air as a risk factor was indicated by a slightly lower percentage of miners, and the lowest percentage of persons employed at other workplaces (p<0.05). Miners and respondents employed at other workplaces nearly three times less often perceived risk on the part of emotional load, compared to the employees of mining supervision (25.5% of miners, 23.0% of other workplaces, 76.4% of mining supervision) (p<0.01).
DISCUSSION
The process of coal mining is accompanied by many hazards which are the source of risk, may negatively affect the life and health of employees, and lead to high material loss [28, 29, 30] . Exposure of workers to crystalline silica present in dust produced as a result of coal mining is especially unfavourable for health [29, 31, 32, 33, 34, 35] .
The presented study showed that employees who perform work underground in the 'Bogdanka' coal mine more frequently reported dust as the factor exerting a negative effect on their health. The accuracy of these opinions is confirmed by data concerning morbidity among miners in Poland. During the period 2000-2017, as many as 7,340 cases of pneumoconiosis were noted among present and ex-miners [36] . In 2016, 603 cases of pneumoconiosis were registered (28.5% of all diseases related with health risk). Pneumoconiosis was the most frequently diagnosed occupational disease. From the total number of registered cases of pneumoconiosis, the majority were cases among coal miners -466 (77.3%), whereas the remainder, i.e. pneumoconiosis -83 cases (13.8%), and asbestosis -36 cases (5.9%) [37] . Pneumoconiosis is the most frequent occupational disease, not only among coal miners in Poland, but also in China and the USA [38] .
According to own study, noise and vibration are serious hazards in the opinions of miners. Measurements of whole Percentages do not sum-up to 100%. because a respondent could select more than one hazard. N -numbers of respondents indicating a specified type of hazard; n -numbers in subgroup (total) *p<0.05; **p<0.01; lack of asterisk -p≥0.05
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body vibration performed among operators of mining vehicles and equipment in three mines (Finland, Norway, Sweden) unequivocally confirmed that exposure to vibration may constitute a serious health risk, which should not be ignored [39] . Noise at the workplace may be the factor which makes the work arduous, and simultaneously may cause negative health effects. According to the data by the World Health Organization (WHO), 16% of hearing loss among workers is caused by occupational noise [40] . Noise-induced hearing loss (NIHL) occurs as a result of exposure to noise of a high level (> 85 dB) at the workplace [8] . Negative effect of noise at work was compared in own study which showed that the vast majority of miners (approximately 80%) considered this factor as hazardous for health.
Unfavourable microclimate and lighting, the factors exerting a negative effect on health at the workplace, were relatively often reported by the examined miners. This results from conditions present in coal mines. In Polish coal mining, the depth at which mining work is performed is increasing, as well as the concentration of production, which causes, among others, an increase in climatic risk. Human functioning in conditions of a hot microclimate depends on the possibilities of maintaining a sustained heat balance. In mining, the heat load to which employees are exposed results from both intensity of metabolism while performing hard physical work, and conditions of the external environment [41] .
High humidity of the air is the element of microclimate. This health risk factor was indicated especially by employees performing work underground at workplaces of mining supervision. Sunkpal et al., in their study analyzed the effect of changing humidity, air velocity, pace of metabolism and air temperature on the heat comfort of miners. Multivariate analyzes showed that humidity most negatively affected the deviations from heat comfort [14] .
Workers employed in mines are exposed to various types of chemical substances [3] . In the current study, chemical substances present at the workplace which exert a negative effect on health were most rarely mentioned.
CONCLUSIONS
It was found that in the opinions of respondents employed in coal mines, noise and dust at the workplace are the factors most hazardous for health. Workers employed at the workplace of a miner, aged 31-40, with secondary school education, most often complained of these factors. Analyses of opinions concerning health hazards at the workplace according to such independent variables as: age, education and position held, demonstrated that the greatest differences in opinions concerning this problem were observed according to the position held. The obtained results allow the presumption that miners are the group most exposed to the hazardous effect of the workplace. In the group of employees of mining supervision, a specific health hazard is emotional load which, as it should be presumed, results from performing a managerial function.
The majority of health hazards at workplaces in coal mines result from the technology of mining. It seems justifiable to introduce increasingly newer solutions in the process of coal mining in order to minimize the occurrence of these factors at work and, consequently, their negative effect on the health of employees performing work underground in coal mines. In addition, it seems necessary to implement new, more effective educational programmes aimed at imparting knowledge concerning the occurrence of factors hazardous for health at workplaces, as well as health consequences for the lack of observance of the OSH principles at the workplace. The shaping of the skills of identification of hazards and recognition of early symptoms of diseases related with unfavourable work conditions in mining is an important element of education in this area. 
